15 Initial second language acquisition proceeds surprisingly quickly. Foreign words can 16 sometimes be used within minutes after the first exposure. Yet, it is unclear whether such 17 rapid learning also takes place for more complex, multi-layered properties like words with 18 complex morphosyntax and/or tonal features, and whether it is influenced by transfer from 19 the learners' native language. To address these questions, we recorded tonal and non-tonal 20 learners' brain responses while they acquired novel tonal words with grammatical gender and 21 number on two consecutive days. Comparing the novel words to repeated but non-taught 22 pseudoword controls, we found that tonal learners demonstrated a full range of early and late 23 event-related potentials in novel tonal word processing: an early word recognition component 24 (~50 ms), an early left anterior negativity (ELAN), a left anterior negativity (LAN), and a 25 P600. Non-tonal learners exhibited mainly late processing when accessing the meaning of the 26 tonal words: a P600, as well as a LAN after an overnight consolidation. Yet, this group 27 displayed correlations between pitch perception abilities and ELAN, and between acquisition 28 accuracy and LAN, suggesting that certain features may lead to facilitated processing of tonal 29 words in non-tonal learners. Furthermore, the two groups displayed indistinguishable 30 performance at the behavioural level, clearly suggesting that the same learning outcome may 31 be achieved through at least partially different neural mechanisms. Overall, the results 32 suggest that it is possible to rapidly acquire words with grammatical tone and that transfer 33 plays an important role even in very early second language acquisition. 34 35 36
1 revision or repair (Hagoort, 2003; Kaan & Swaab, 2003) . Second language learners are 2 frequently seen to produce P600s (Gillon Dowens, Vergara, Barber, & Carreiras, 2009; Sneed 3 German, Herschensohn, & Frenck-Mestre, 2015). 4 The ELAN, LAN, and P600 are best observed in cases of failed processing, although 5 these components appear to be general indicators of different kinds of language processing 6 which can emerge (albeit to a smaller extent, cf. e.g., Krott & Lebib, 2013 ) even without 7 morphosyntactic violations 3 . We therefore expect a P600, LAN, and ELAN for 8 morphosyntactically charged artificial target words compared to morphosyntactically and 9 semantically empty control words. 10 It is believed that a P600, LAN, and ELAN cannot be elicited before the morphosyntactic 11 features of the target language have become grammaticalised in the learner's brain 12 (Steinhauer, 2014) . In natural second language acquisition, it can take many years for learners 13 to reach sufficiently high proficiency in morphosyntax processing to produce these ERPs. 19 Participants in this study, however, did not produce a LAN, which seems to require an even 20 higher level of proficiency (Steinhauer et al., 2009 ) and/or a different, more combinatorial 21 morphosyntax processing strategy (Rodriguez-Fornells, Clahsen, Lleó, Zaake, & Münte, 22 2001) . A different study with an artificial grammar, where exact length of training was not 23 reported but clearly exceeded 4 hours, found both an ELAN, a late negativity and a P600 24 (Friederici, Steinhauer, & Pfeifer, 2002) . Steinhauer et al. (2009) argue for the importance of 1 proficiency (rather than length of acquisition) and propose a progression of morphosyntactic 2 processing in second language learners, from no linguistic ERP effects in novices via N400 3 for low proficiency learners to P600 and eventually LAN and ELAN for high proficiency L2s.
4 Different forms of processing at different proficiency levels (whole word processing in mid-5 proficiency learners versus rule-based processing in advanced learners) may explain the shift 6 from late positive components to a biphasic activation pattern. 7 In the present study, we investigate whether it is possible to rapidly reach high 8 proficiency when acquiring a small set of novel tonal words in two 2-hour-long word-picture-9 association sessions on consecutive days. We monitor behavioural changes as well as 10 language ERP components that could be expected to occur within minutes of exposure and 11 after an overnight consolidation stage, and assess whether there are any changes for tonal 12 words. We test a group of learners who have a functionally similar but more complex tone 13 system in their native language in order to examine which processing patterns emerge for 14 learners who should be expected to rely on transfer mechanisms for processing word tones. 15 This allows us to study whether transfer based on tone-morphology processing subsystems is 16 possible in this early acquisition phase. Additionally, we test a separate group of learners 17 whose L1 lacks word tones in order to see how an assumed no-transfer group initially deals 18 with words with morphosyntactic tone. We specifically investigate what type of processing 19 learners, whose native language does not have tones at the word level, will refer to and how 20 this may be reflected in their behavioural results. We expect that the Non-Tonal L1 group 21 will compensate with e.g., general pitch perception abilities due to not having a network for 22 processing tone at the word level and that they might be relatively heterogeneous regarding 23 this possibility. We therefore also included a background experiment, which specifically 24 targeted their pitch perception abilities. Given the potential source of heterogeneity in the 25 Non-Tonal L1 group, we tested the two groups separately, compared their results with the 1 help of t-tests, and further disentangled the Non-Tonal group's results with the help of 2 correlation analyses. 075. There were no significant correlations between amplitude 10 at anterior electrodes with behavioural factors in either group. We believe the lack of 11 between-group differences to be based on high intra-group variation. 3 Using electroencephalographic recordings, the present study set out to investigate whether 4 speakers from both tonal and non-tonal backgrounds can rapidly acquire non-native words 5 with morphosyntactic tonal features. We used words from an artificial language that 6 expressed gender and number through vocalic and tonal contrasts. The words were taught in a 7 sound-picture association task and compared to repeated, non-meaningful control stimuli.
8 Results showed that speakers with a tonal background could make use of early, automatic 9 neural processing to assess the novel words and were significantly faster to show differences 10 in later processing as well. Speakers with a non-tonal background relied mainly on late 11 processing components to access the meaning of the novel words. Interestingly, despite the 12 obviously different processes involved in the acquisition, there were no between-group 13 differences in the behavioural performance. In the following paragraphs, we will first 14 summarise the early and late components that we found in the Tonal L1 group. Afterwards, 15 we will discuss how the Non-Tonal L1 results compare. 23 these differences can even out towards the end of the recording session, which is believed to 24 be a sign of memory-trace build up (Kimppa et al., 2015) . The present study found a central 25 negativity, session-initially, for novel, tonal pseudowords compared to novel, tonal words. It 1 appears as though the tonal features allowed the native tonal listener to instantaneously single 2 out the pseudowords as filler items that they would not need to allocate attention to. The 3 novel target words, on the other hand, were harder to distinguish as they had a novel semantic 4 and morphosyntactic load that the learner needed to connect to the tonal and segmental 5 features. The effect at this early latency was only observed in learners with a tonal L1 and 6 disappeared towards the end of the session. Interestingly, the effect re-appeared session-7 initially on day 2, suggesting that control words were not consolidated. 13 The PrAN, finally, differs from the two above-mentioned components in so far as its 14 amplitude is not indicative of the pre-activated status of the present morpheme. In fact, the 15 studied morphemes in a PrAN paradigm are designed to be equally strongly pre-activated. 16 Instead, the stimuli for which a PrAN is elicited are manipulated so that they themselves -17 upon the activation of their morphosyntactic properties -pre-activate subsequent morphemes 18 to different degrees. The PrAN's amplitude varies as a function of the number of possible 19 continuations, i.e., based on the morpheme's predictive strength. What all three components 20 of morphosyntactic processing at this latency appear to share is that they strongly depend on 21 access to the input's morphosyntactic content. We believe their interaction and respective 22 roles to be the following: whereas the ELAN and the sMMN are indicative of the processing 23 effort that is required to activate a morpheme's morphosyntactic content based on whether or 24 not it was pre-activated, the PrAN subsequently demonstrates to what extent the activation of 25 said morphosyntactic properties immediately make predictions about possible continuations.
1 Based on the above discussion of the morphosyntactic processing at around 150 ms post 2 stimulus, we consider the ELAN to be an indicator of morphosyntactic activation that is 3 readily influenced by pre-activation. Violations of pre-activated structures will hamper 4 morphosyntactic activation and, therefore, elicit a larger ELAN response than canonical 5 sentences. However, being an indicator of morphosyntactic activation, as we suggest, an 6 ELAN should also appear in non-violating contexts, i.e., when comparing contexts that elicit 7 morphosyntactic activations to contexts that do not.
8
The stimuli in the present study are identically strongly pre-activated, as the context 9 preceding the disambiguation point (to which ERPs are time-locked) is equally frequently 10 followed by all possible continuations. Furthermore, the stimuli have no difference in 11 predictive strength, as only one continuation is possible after the word has been 12 disambiguated. The fact that we find a larger ELAN for morphosyntactically loaded target 13 words compared to morphosyntactically empty controls in the current data can solely be 14 explained by the fact that morphosyntactic activation takes place in one condition but not the 15 other. Larger neural activity is required for accessing the number and gender properties of the 16 target words while lack of number and gender results in a reduced ELAN amplitude for 17 control words.
18
Interestingly, we already found an ELAN within the first 20 minutes of acquisition, 19 which did not differ significantly from the ELANs produced at the following three time 20 points that were analysed for learning effects. This suggests that the The final component we analysed was a P600. The P600 is a marker of integration of the 10 current word into the current context model and revision or repair. In the present study, we 11 found a P600 for our multimorphemic target words outside of sentential context and in the 12 absence of violation. We believe the P600 in this case to be a marker of unification of the 13 words' morphosyntactic, semantic and also segmental and prosodic properties (e.g., whole-14 word melody contour) and formation of a holistic memory trace. The P600 was found for all 15 time points in the experiment and for both speaker groups alike. The emergence of both early 16 but importantly also later, morphosyntactically charged components in the study shows that 17 rapid acquisition indeed is possible even for multi-layered linguistic material such as words 18 with grammatical tones. The appearance of a LAN rather than an N400 strongly suggests that 19 the grammatical, and not only the semantic content of the stimuli, is acquired within a few 20 minutes of learning in the Tonal L1 group. This allows us to argue that rapid acquisition 21 before overnight consolidation is possible even for linguistically complex, combinatorial 22 stimuli when learners can profit from positive L1-L2 transfer. 23 24 3.3 The role of L1 to L2 transfer in the acquisition of novel tonal words 1 Having described in detail how native speakers from a language with morphosyntax-related 2 tone respond to novel morphosyntactically charged tonal words, we will now consider how 3 the lack of positive L1-L2 transfer affects acquisition and processing of said words in Non-4 Tonal L1s: Unlike the Tonal L1s, Non-Tonal L1s did not elicit a differential effect for 5 controls and targets at word recognition latency (~50ms). It stands to reason that their 6 auditory language processing system was not tuned to picking up the tonal cues to word 7 status and that the vocalic cues on their own were not strong enough to allow for rapid word 8 status recognition and functional allocation of attentional resources.
9
Similarly, the Non-Tonal L1s elicited no significant effect in the ELAN time window.
10 Yet, there was a negative correlation of negativity at ELAN latency/location and the ability to 11 detect non-linguistic pitch differences, a measure that was obtained in a background 12 experiment and entails the participants' accuracy at detecting height differences in pure tone 13 pairs. Learners with good pitch perception abilities typically showed a negativity at left-14 lateral electrodes for the target minus control subtraction. As such, the five participants with 15 best pitch perception accuracy (above 98%) had an amplitude of -0.19 µV at left electrode 16 sites. Learners with inferior pitch perception abilities, on the other hand, showed no 17 tendencies towards left-hemispheric negativities; notably, the five participants with lowest 18 pitch perception accuracy (below 86%) had a positive-going response (with a mean amplitude 19 of +0.08 µV) at left-lateral electrodes. This indicates that Non-Tonal L1s with particularly 20 good pitch discrimination skills were more likely to exhibit an ELAN-like response for 21 morphosyntactic activation, whereas on average their group did not. This result suggests that 22 their relatively well-tuned auditory networks for pitch processing may allow even Non-Tonal 23 L1s to automatically activate the novel words' morphosyntax in a manner similar to that of 24 Tonal L1s. Thus, we believe that non-tonal L2 learners use their general pitch perception 25 abilities to compensate for the lack of L1 word-level pitch processing systems that the tonal 1 L1 learners can fall back on. If these pitch perception abilities are well developed, a non-tonal 2 learner can tap into automatic processing at around 150 ms after the crucial input is 3 perceivable and produce an ELAN, which we expect to signal the activation of morphosyntax.
4
The Non-Tonal L1s' LAN also differed from that elicited by the Tonal L1 group. While 
13
We suggest that the processing differences we found between Tonal L1s and Non-Tonal 24 This is to say that the Tonal L1s not only had experience with morphosyntactically 25 meaningful tones but also with combinatorial processes involving such tones. Said experience 1 is likely reflected in specified neural networks, which we believe could have given our Tonal 
22
A survey of the participants' language background revealed that none of the participants 23 included in the analysis had previously learned any tone language before Swedish.
24 Furthermore, the Non-Tonal L1 and Tonal L1 group were matched on the number of 25 languages spoken at above elementary proficiency (M = 2, SD = 1). Yet, due to being 1 exchange students abroad, the Non-Tonal L1 group had a temporary increase in their use of 2 non-native languages (M Tonal L1s = 63.05%; M Non-Tonal L1s = 30.91%), predominantly English.
3 The experiments were conducted in agreement with the ethical guidelines for experiments in 4 the Declaration of Helsinki. ; notably these phonemes are present in all three languages. For the 19 recordings, the initial and final consonants were followed or preceded, respectively, by a 20 dummy vowel (/o/ or /ø/), which was later cut away using Praat (Boersma, 2001 ). All 21 consonants and vowels were normalised to the same power, measured as root-mean square 22 (RMS) amplitude. We then lengthened all initial consonants to 330 ms using initial silence 23 where necessary. Vowels were standardised to 450 ms and all final consonants to 200 ms. We 24 consequently spliced consonants and vowel with 10 ms transition phases into CVC syllables.
25 In this way, 54 different pseudowords of one second length were constructed. For 1 experimental reasons, word durations were somewhat longer than they would be in natural 2 speech in both Swedish and German. In Swedish, long vowels in a focused CVC syllable 3 would have an average duration of 246 ms, the final consonant averaging at 90 or 180 ms 4 depending on voicing (Helgason, Ringen, & Suomi, 2013) . In German, long vowels in 5 isolated words would have an average duration of 178 ms, the final consonant averaging at 79 6 or 130 ms depending on voicing (Braunschweiler, 1997) . In order to ensure that the different 7 consonants and vowels could be distinguished effortlessly, we deliberately constructed 8 expressly long CVC words. Even more importantly, the excessive vowel duration was chosen 9 because a considerable amount of semantic and morphosyntactic information was 10 disambiguated during the vowel and because it would make the pitch manipulations (see 11 below) easy to perceive, even for speakers who were not sensitive to morphologically related 12 pitch contours at the word level. 13 We tested the resulting pseudowords in a short perception study with eight native 14 speakers of German and three native speakers of Swedish. In a self-paced listening paradigm, 15 the participants were asked to write down the words, repeat them and report whether they 16 reminded them of any existing words in their L1. Based on the results from the perception 17 study, we selected 24 stimuli that were perceived uniformly as pseudowords and whose 18 consonants and vowels were discerned most clearly, see Table 1 . 3 Hz fundamental frequency (F0). The fall had an F0 of 138 Hz at the beginning of the vowel, 4 and fell to 98 Hz during the vowel, where it remained for the second transition phase and the 5 final consonant. The low tone had a steady pitch at 98 Hz. The rise started at 98 Hz at the 6 beginning of the vowel, and rose to 138 Hz during the vowel, where it remained for the rest 7 of the word, see Figure 8 . The F0 movements for the rise and fall were linear in order to get 8 steady changes in pitch already at the very beginning of the vowel. This way, the 9 disambiguation point for both vowel and tone, and thus the point at which the word could be 10 discerned, coincided with the beginning of the vowel. 25 throughout the recordings. Afterwards, participants were given written instructions. They 1 were told that they were required to learn a number of words from a small, remote language.
2 The words would denote professions and would be taught with the help of pictures. They 3 were also told explicitly that number and gender in said language were expressed 4 morphemically.
5
The written instructions on the first day were followed by a training phase, in which 6 participants got acquainted with the learning procedure with the help of Spanish words (i.e., 10 On each day of the experiment, participants went through 30 learning cycles. In each cycle, 11 there was a total of 51 trials: 24 learning trials, i.e., one trial for each to-be-learned word, as 12 well as 24 control trials and three mismatch trials. Control trials differed from learning trials 13 in that the auditory stimuli contained a different set of words, i.e., the two tones that were not 14 part of the target words, as well as the two non-target vowels and respective consonant 15 frames. These were combined with scrambled pictures and served as controls for 16 familiarisation as opposed to semantic and grammatical learning. In mismatch trials, a sound 17 stimulus from the learned set was presented with a picture that was mismatched either in 18 profession, gender or number. 19 In learning and control trials, a 1000-ms auditory stimulus was played followed by a 20 1000-ms fixation cross and a 1000-ms presentation of the corresponding stimulus picture.
21 During the 1150-ms interstimulus interval (ISI), a fixation cross was present on the screen.
1 The total stimulus onset asynchrony (SOA) for learning and control trials was thus 4150 ms, 2 cf. black slides in Figure 10 . 3 was conducted, and components representing eye artefacts and single bad channels were 4 removed. Finally, all epochs still exceeding ±100 μV were discarded. 
